considerable importance for residents of dry land environments and also affect people beyond drylands because wind erosion can occur in most environments and desert dust events often involve long-range transport over great distances (>1000 km) (2) . Dust is a mass of solid fine dust particles and sometimes smoke particles diffused in the atmosphere which limits horizontal visibility (3) . According to the World Meteorological Organization (WMO), whenever in a station wind speed exceeds 15 m/s in and horizontal view reaches below 1000 m, a dust storm is reported. The sandstorms are winds that can move particles with a diameter of 0.15 to 0.20 mm up to a height of 15 m above ground surface. While, dust storms comprised very fine particles with a diameter of 0.05 to 0.1 mm move at much higher heights above ground surface and travel long distances in such a way that can cover and affect cities of a country or even countries of a continent (4) . Currently, the incidence of dust storms has been increased regionally and globally. Several effects have been attributed to this natural disaster, which negatively or positively influence ecosystems. Studies carried out have divided the effects of these storms into two general groups, namely environmental and human effects (5) . Among the environmental impacts are hardening of rocks, degradation of coral reefs, disruption in radiation energy, intensification of eastern waves, and absorption of nutrients by plants. Air pollution, animal insanity, asthma, business closure, machinery problems, and contamination of drinking water are among the most important effects of dust storms (6, 7) . Dust mobilization at high latitudes is robustly affected by wind speeds, which are often quite strong in the presence of katabatic winds, sediment supply or dust availability, snow cover, freezing processes and vegetation (8) . The combination of these factors is regularly led to create a strong seasonality in dust emission or dust storm frequency at high latitudes (9) .
Dust storms occur when the total annual precipitation is significantly lower than longterm mean annual precipitation. With increasing the temperature in late winter and early spring, the temperature of air adjacent to soil surface increases, causing the turbulence and wind blowing in lower layers of atmosphere. If the wind velocity exceeds the erosion threshold, considerable quantities of soil particles are separated from bed and enter into the atmosphere as dust (10) . The occurrence of dust storms is closely related to local climatic conditions such as rainfall, temperature, and also ground surface features such as vegetation, snow cover and soil texture. Researchers believe that in some regions, such as East Asia, there is a significant correlation between occurrence of dust storms and wind speed near ground surface. While in some researches, due to local origin of dust storms, there is no significant correlation between wind speed and frequency of occurrence of dust storms (11) . Some researchers state that regional climate change plays an important role in dust storms. These researchers have shown that high air temperatures, low rainfall, poor vegetation cover and high wind speed provide favorable conditions for formation of dust storms (12) . In another study, it was shown that the number of days with a dust storm was less than the number of wind days in Mongolia (China), which reveals that the incidence and severity of these storms, in addition to being affected by climatic conditions, such as wind speed, is affected by surface characteristics, e.g., vegetation cover, soil moisture content, and so on (13) . The researchers have studied the effects of dust storms and land surface characteristics using NOAA satellite (Normalized Differences Vegetation Index) (NDVI), National Oceanic and Atmospheric Administration, along with meteorological station data (14) , and a considerable relationship was diagnosed between dust storms and other atmospheric parameters such as rainfall and temperature, so that ground cover characteristics (vegetation, snowfall and soil texture) was found to be effective in the occurrence of dust storm events. It was also found that precipitation in form of hail directly affects such events. In another study, the correlation between parameters such as relative humidity, temperature, wind speed and precipitation, with the occurrence of dust storms in Zahedan province was investigated, and it was observed that among the parameters studied, wind speed and relative humidity showed the highest and the lowest significant correlations (4) . In studying the relationship between climatic parameters and occurrence of dust storms in Khuzestan province, Mehrabi et al. (1394) showed that in some stations, season with the highest number of days with storm (spring), did not co-occur with season with the lowest rainfall (summer) and attributed it to the difference between the climatic characteristics of deposition area and source region (15) . Kermanshah et al. (2016) evaluated the effect of Middle East meteorological parameters on dust storm activities in western Iran using satellite and ground data and concluded that the rainfall parameter was negatively correlated with dust pollution index, while wind speed was strongly and positively correlated with this index in selected stations (16) . Kermanshah province is frequently exposed to intense dust storms due to being close to the vast desert areas of neighboring countries such as Iraq, Syria, northern Saudi Arabia and Northern Saharan in Africa which creates critical biological conditions in this province. Aims of the study: Considering the negative and destructive effects of dust phenomena as well as lack of sufficient studies in Kermanshah province, the present study was aimed at investigate the trend in meteorological parameters and the occurrence of dust storms in this province.
Geographical location of the study area The study was cross-sectional. This research was carried out in Kermanshah province and in Kermanshah, Sarpol-e Zahab, Kangavar, Ravansar, and Eslamabad-e Gharb Counties. Meteorological data of five synoptic stations were collected aiming to determining the correlation between climatic parameters of temperature, relative humidity, rainfall, wind speed and direction, as well as visibility, because of having the highest role in creating dust storms, over a 10-years period (years 2005 to 2015). The characteristics of the studied stations are presented in Table ( 1). The stations were selected in such ways that cover the entire province. Analysis of climatic data Because highly susceptible conditions for raising dust particles are dry soils (decreased precipitation and subsequently decreased humidity and increased temperature), and wind speeds higher than threshold, we evaluated the annual and seasonal trends as well as the relationship between number of days with dust storms and five parameters of temperature, relative humidity, rainfall, wind velocity and direction.
After collecting the meteorological data of synoptic stations of the province from Meteorological Organization, the relationship between climatic parameters and the occurrence of dust storms in the province during a 10-years period (2005 to 2015) was studied using SPSS V.21 software and the correlation between meteorological factors and dust storms was investigated using multivariate regression. To do this, an average of values for 2, 3 and 5 days before and after the dust storm occurrence was separately calculated and analyzed for each Mean annual relative humidity, temperature and rainfall: Figure 2 (a, b, Results As seen, in all studied stations, the highest frequency of dust storms is related to spring season, which co-occur with air dryness, decreased soil moisture and higher rising of particles and higher wind speeds. Generally, in the last decade, the highest and the lowest number of days associated with dust storms for all stations was related to spring and fall seasons, respectively. Mean seasonal temperature, relative humidity, rainfall, prevailing wind speed and direction mean value of 2, 3, 5 days before and after the occurrence of dust storms was separately recorded. The data of visibility below 1000 m parameter in days with dust storms was used as the dependent variable and the mean of 2.3 and 5 days before and after occurrence of dust storms was selected as an independent variable to select the best model. Different combinations of these parameters were investigated to be entered into the regression model using stepwise method. Based on the multivariate linear regression method (Backward), all models would be analyzed and then the model with the smallest value compared to the t statistic will be excluded. This trend will continue until the highest values remain compared to the t statistic.
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Table 4) Correlation between meteorological parameters with visibility below 1000 m in studied stations

Station
The correlation type between meteorological parameters with visibility below 1000 m in each station
Sarpol-e Zahab
There is a inverse correlation between the parameters of average temperature 3 days after the storm, average rainfall 2 days before the storm, average temperature of 5 days before the storm and average relative humidity 3 days before the storm with visibility below 1000 m in this station, as the parameter of average rainfall 2 days before the storm showed the highest reverse correlation with visibility below 1000 m. the final model of this station is:
V=5.3 t3a -13.32 p2b -6.64 t5b -5.81 r3b +934
Kermanshah
There is a positive correlation between the parameter of average rainfall 3 days after the storm, with visibility below 1000 m in Kermanshah station and the final model of this station is:
V=19.88 p3a +373
Kangavar
The inverse correlation was observed between the parameters of temperature 5 days before the storm and the relative humidity 3 days after the storm with visibility below 1000 m in Kangavar station and the final model of this station is:
V=2.47 r3a -7.39 t5b +471
Ravansar
There was a positive correlation between parameters of rainfall 5 days before the storm, temperature of 3 days after the storm, the relative humidity of 5 days the storm and temperature of 3 days before the storm with visibility below 1000 m in Ravansar station, so that the highest positive correlation was related to the rainfall parameter 5 days before the storm and followed by the parameter of temperature 3 days before the storm visibility below 1000 m. The parameter of relative humidity 2 days after the dust storm also was negatively correlated with visibility below 1000 m. Final model of this station is:
V=17.64 p5b -2.86 r2a +9.59+3.67 r5a +11.82 t3b +164
Eslamabad-e Gharb
The parameter of visibility below 1000 m was positively correlated with wind speed 5 days after the storm, wind speed 3 days after the storm , wind speed 5 days before the storm, wind speed 2 days before the storm , precipitation 3 days after the storm , rainfall 2 days before the storm , relative humidity 3 days after the storm, relative humidity 2 days after the storm, relative humidity 5 days before the storm , relative humidity 2 days before the storm , temperature 5 days after the storm, temperature 2 days after the storm , temperature 5 days before the storm and temperature 2 days before the storm. the parameters of wind speed 2 days after the storm, the wind speed 3 days before the storm, precipitation 5 days after the storm, precipitation 2 days after the storm, precipitation 5 days before the storm, precipitation 3 days before the storm, relative humidity 3 days after the storm, relative humidity 3 days before the storm, temperature 3 days after the storm, and temperature 3 days before the storm had a (17) . In fact, severe fluctuations in the number of days with dust storm show no significant effect on the temperature and relative humidity during 10-years period. Due to the fact that during the occurrence of these storms, the relative humidity decreases by 20 to 40%, the significant decreased relative humidity in the years with the highest frequency of dust storms can be due to the non-local source of most dust storms. In most of the stations, the lowest rainfall is due to the year when the number of stormy days was significant. Therefore, one can say that the highest number of days with dust storms in Kermanshah province has cooccurred with years of the lowest rainfall during the decade. In this regard, the results of this study are confirms the findings Abdovis et al. (2011) and Mehrabi et al. (2015), who showed that the years with the highest number of days with dust storms were correlated to the years with the lowest rainfall amount (15, 19) . In 2008, when a severe dust storm occurred, the mean prevailing wind direction in the province was 203 degrees, indicating Iraq and Saudi Arabia countries as the dust storm source. On average, the maximum wind speed was 14.8, 12.8, 13.6, 13.6, and 16 m/s for Sarpol-e Zahab, Kermanshah, Eslamabad-e Gharb, Ravansar and Kangavar Counties, respectively, and all of these averages were at the storm threshold. in 2008, mean wind speeds in Sarpul-e-Zahab, Kermanshah, Eslamabad-e Gharb, Ravansar, and Kangavar stations were 13.75, 14.25, 15.16, 15.08, 15 .91 m/s, respectively, which most of the stations were at higher than the threshold of the storm beginning. The seasonal total number of days with dust storms in Sarpul-e-Zahab, Kermanshah (21) . Zolfaghari and Abedzadeh (2005) reported the highest frequency of dust occurrence in the late positive correlation with visibility below 1000 m. The parameters of wind speed 5 days after the storm, rainfall 3 days after the storm and temperature 2 days before the storm had the highest negative correlation and the parameters of wind speed 2 days after the storm, rainfall 5 days after the storm, rainfall 2 days after the storm, and temperature 3 days before the storm had the highest positive correlation with visibility below 1000. Final model for Eslamabad-e Gharb station is: V=-49 s5a -4 s3a +129 s2a -7 s5b -6 s2b +25 p5a -17 p3a +20 p2a +1 p5b +7 p3b -2 p2b -3 r5a +3 r3a -3r2a-2 r5b +4 r3b -9r2b-2 t5a +5 t3a -4 t2a -1t5b+18 t3b -15 t2b -15 t2b +890
spring and early summer (22 By determination of the effective parameters, e.g., rainfall, humidity, temperature and wind speed, the determination of visibility, an indicator of storm intensity, is possible. On the other hand, because of the correlation between the above parameters and the frequency of dust storms, the higher number of parameters closely correlated with visibility in a meteorological station indicates a closer dust storm source. Lower number of parameters with significant correlation shows that source region is far distant from deposition area.
